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LUBRICANT COATING FOR EXPANDABLE 
TUBULAR MEMBERS 

Background of the Invention 
This iDvention relates genexally to coupling at least one tubular member to a 
S preexisting structure. The at least one tubular member may be for example* a wUbore 
casing, an underground pipe or a structural support. For convenience, the invention ^11 be 
described hefeinaiter with reference to wcUbore casings. 

Conventionally^ ^en a wcllborc is created, a number of casings arc installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of 

10 drilling fluid into the formatbn or inflow of fluid fiom the formation into the borehole. 
The borehole is diilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously Installed casing of an upper borehole 
interval. As a consequence of this procedure the casii^ of the lower interval is of smaller 
diameter than the casing of the upper interval. Thus» the casings are in a nested 

15 ammgement with casing diameters decreasing in downward direction. Cement annuli are 
provided between the outer surfaces of the cos'mgs and the borehole wall to seal the casings 
from the borehole wail. As a consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large drill bits 

20 and increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling rig 
lime is involved due to required cement pumping, cement hardening, required equipment 
changes due to large variations in hole diameters drilled in the course of the well, and the 
large volume of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the limitations of 

25 the existing procedures for forming wellbores. It has been proposed to form wellbore 
casings using expandable tubular members, and the present invention is paniculariy 
directed to improving methods and apparatus using at least one expandable tubular 
member. 

Summary of the Invention 
30 According to a first aspect of the present invention, a method of coupling an 

expandable tubular assembly including at least one tubular member to a preexisting 

-1- 
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structure, coinprbing coating the inteiioT surfaces of the at least one tubular members with 
a lubricant; positioning the coated at least one tubular member within a preexisting 
structure; and radially expanding the coated ai least one tubular member into contact with 
the preexisting stnicture u$ing an expansion cone that engages the coating. 

Also according to the first aspect of the present invention, an apparatus is provided 
that comprises a preexisting 9tnietufe and at least one tubular member coupled to the 
preexisting structure by the process of coating the interior sur&ce of the at least one 
tubular member with a lubricant; positioning the coated at least one tubular member within 
a preexisting structure; and radially expanding the coated at least one tubular member into 
contact with the preexisting structure using an expansion cone that engages the coating. 

According to a second aspect of the present invention, there is provided a method 
of coupling an expandable tubular assembly including at least one tubular member to a 
preexisting structure, comprising coating the interior surface of the at least one tubular 
member with a first part of a lubricant; posidoning the coated at Least one tubular member 
within a preexisting structure; circulating a fluidic material including a second part of the 
lubricant into contact with the coating of the first part of the lubricant; and radially 
expanding the coated at leaat one tubular member into contact with the preexi&ting 
structure using an expansion cone that engages the coating. 

Also according to the second aspect of the present invention, there is provided 
apparatus, comprising: a preexisting structure and at least one tubular member coupled to 
the preexisting structure by the process of coating the interior surface of the at least one 
tubular member with a first part of a lubricant; positioning the at least one tubular member 
witlun a preexisting stnictme; circulating a fiuidic material having a second part of the 
lubricant mto contact with the coating of the first part of the lubricant; and radially 
expandmg the coated at least one tubular member into contact with the preexisting 
structure using an expansion cone that engages the coating. 

Brief Description of the Drawings 
Embodiments of the present invention will now be described by way of example 
only, with reference to the accompanying drawings in which: 
30 Fig. 1 is a flow chart illustrating a preferred embodiment of a method for coupling 

a plurality of tubular members to a preexisting structure. 

-2- 



CQM3 ID No: S6MI-01365400 fieceiwd by IP AuslraUa: T»me (H;m> 17:34 Oale (Y-*M) 20D»>7*20 



10 



IS 



20 



25 



20-07-' 05 17:10 FROM- T-31b mii/wi t-mz 



• m 
• ••• 



9 * 



Fig. 2 is cross sectional illustration of a plorality of tubular members including in 
internal coating of a lubricant. 

Fig. 3 is a fragmentary cross seotional iilustration of the radial expansion of the 
tubular members of Fig. 2 into contact with a preexisting structure, and 
S Fig. 4 is B flow chart illustrating an allemative preferred embodiment of a method 

for coupling a plurality of tubular members to a preexisting structure. 

Detailed Description 

A method and apparatus for coupling tubular members to a preexisting structure is 

provided. The internal surfaces of the tubular members are coated with a lubricant. The 
10 tubular members are then redially expanded into contact with a preexisting structure. In 

several alternative embodiments, the method and apparatus are used to fomi and/or repair a 

wellbore casing* a pipeline, or a structural support. 

In Fig. 1» a preferred embodiment of a method 100 for fomoing and/or repairing a 

wetlborc casing, pipeline, or structural support includes the steps of: (1) providing one or 
15 more tubular members in step lOS; (2) applying a lubricant coaling to the interior walls of 

the tubular member? in step 1 10; (3) coupling the first and second tubular members in step 

115; and (4) radially expanding the tubular members into contact with the preexisting 

structure in step 120. 

As illuatiated in Fig. 2» in a prefened embodiment, in step 105, a first tubular 
20 member 205 having a first threaded portion 210 and a second tubular member 215 having a 
second threaded portion 220 are provided. The first and second tubular members, 205 and 
215, may be any number of conventional commercially available tubular members. In a 
prefened embodiment, the first tubular member 205 includes a recess 225 containing a 
sealing member 230 and a retaining ring 235. In a preferred embodiment, the fir^t and 
25 second tubular members, 205 and 210, are further provided substantially as disclosed in 
US Patent No. 6,497,289 and Australian Patent No. 767364; Australian Patent No. 770008; 
Australian Patent No. 7718S4; US Patent No. 6,328.113; US Patent No. 6,640,903; US 
Patent No. 6,575,240; US Patent No. 6.557,640 and Australian Patent No. 773168; US 
Patent No. 6,604,763 and filed as AU 37920/00; Australian Patent No. 776580; US Patent 
30 No. 6,564,875; US Patent No. 6.568,471 . 

In a preferred embodiment, in step 110, a coating 240 of a lubrieant is applied to 
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the interior surfiices of the first and second tubular members. 205 and 215. The coating 
240 of luMcattt may be aj^lied prior to^ or afler^ the first and second tubular members, 
205 and 21 5» are eoupled. The coating 240 of lubricant may be applied using any number 
of eonv^tional methods such ds, for cxamplo» dipping, injecting, spraying, sputter coating 

5 or electrostatic deposition. In a preierred embodiment, the coating 240 of lubricant is 
chemically^ mechamcally, and/or adhesively bonded to the interior mfaces of the first and 
second tubular members, 205 and 215, in order to optimally provide a durable and 
consistent lubricating effect * In a preferred embodiment, the force that bonds the lubricant 
to the mterior surflices of the first and second tubular members, 205 and 2I5« is greater 

10 than the shear force applied during the radial expansion process. 

In a preferred embodiment, the coating 240 of lubricant is applied to the interior 
surfaces of the first and second tubular members, 205 and 215, by fiist applying a phenolic 
primer, to the interior surfaces of the first and second tubular members, 205 and 215. and 
then bondii^ the coating 240 of lubricant to the phenolic primer using an antifriction paste 

IS having the coating 240 of lubricant carried in an epoxy resin. In a prefenred embodiment,, 
the aotifnction paste includes, in parts by weight, 40-80 epoxy resin^ 15-30 molybdenum 
disulfide, 10-15 graphite* 5-10 aluminum, 5O0 copper, S-15 alumisilicate, and 5-10 
polyediylenepolyamine. Id a preferred embodhnent, the antifiiction paste is provided 
substantially as disclosed in U.S. Patent No. 4»329,238. 

20 The coating 240 of lubricant may be any number of conventional commercially 

available lubricants such as, for example, metallic soaps or zinc phosphates. In a preferred 
embodiment, the coating 240 of lubricant is compatible with conventional water, oil and 
synthetic base mud formulations. In a prefeired embodiment, the coating 240 of lubricant 
reduces metal-to-metal fiidional forces, preferably by about 50%, and provides a 

25 coefficient of dynamic friction of between about O.OS to O.l during the radial expansion 
pmeess. In a preferred embodiment» the coating 240 of lubricant does not increase the 
toxicity of conventional base mud fotmulations and will not shear in synthetic mud. In a 
preferred embodiment, the coating 240 of lubricant is stable for temperatures ranging from 
about -100 to SOOT (*73 to 260*C). In a preferred embodiment, the coating 240 of 

30 lubricant is stable when exposed to shear stresses. In a preferred embodiment, the coating 
240 of lubricant is stable for storage periods of up to about 5 years. In a preferred 
embodiment, the coating 240 of lubricant provides corrosion protection for expandable 

-4- 
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tubular mcmbeis during stoxage and transporL 

In a preferred embodiment, the coating 240 of lubricant includes sodium, calcium, 
and/or zinc stcarates: and/or zinc and/or manganese phosphates; and/or C-Lube-10; and/or 
C*Pho$-58-M; and/or C-Ph05-58-R; and/or polytctfafluoroethylenc (PTFE); and/or 
S molybdenum disulfide; and/or metallic soaps (stearates, oleates, etc..) in order to 
optiinally provide a coating of lubricant. In a preferred embodiment, the coating 240 of 
lubricant provides a sliding coeflicient of fiiction kss than about 0.20 in order to optimally 
reduce the force required to radially expand the tubular members, 205 and 21 5» using an 
expansion cone. 

10 In a prefenred embodiment, in step 1 15» the first and second tubular members^ 205 

and 215, are coupled. The first and second tubular members, 205 and 215, may be coupled 
using a threaded connection, or, alternatively, the first and second nibular members, 205 
and 215, may be coupled by welding or brazing. In a preferred embodiment, the first and 
second tubular members, 205 and 215, are coupled substantially as disclosed in the above 

15 US and Australian patent specifications. 

As illustrated in Fig. 3, in steps 120, the first and second tubular members 205 and 
213 are then positioned within a preexisting structure 505, and radially expanded into 
contact «rith the interior walls of the preexisting structure 505 using an expansion cone 
$10« The tubular members 205 and 215 may be radially expanded into intimate contact 

20 with the interior walls of the preexisting structure 505, for example, by: (1) pushing or 
pulling the expansion cone 510 through the interior of the tubular members 205 and 215; 
and/or (2) pressurizing the region within the tubular members 205 and 215 behind the 
e>q)ansion cone 510 with a fluid. In a preferred embodiment, one or more sealing members 
515 arc further provided on the outer surface of die tubular members 205 and 215, in order 

25 to optimally seal the intecfiM between the radially expanded tubular members 205 and 215 
and the intarior walls of the preexisting structure 505. 

In a prefened embodiment, the radial expansion of the tubular members 205 and 
215 into contact with the interior walls of the preexisting structure 505 is performed 
substantially as disclosed In one or more of die above US and Australian Patent 

30 spedficaiion. 

As illustrated in Fig, 4, an alternative embodiment of a method 400 for forming 
aod/of repairing a wellbcre casing, pipeline, or structural support includes the steps of : (1) 

-5- 
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providing one or morp tubular members iQ step 405; (2) applying a coaling including a first 
part of a lubricant to the interior walls of the tubular members in step 410; (3) coupling the 
first and second tubular members in step 415; and (4) radially expanding the tubular 
membeis into contact with the preexieting structure while also circulating fhiidic materials 
5 into contact with the interior walls of the tubular members having a second part of the 
lubricant in step 420. 

In a preferred embodiment, in step 410, a coating including a first part of a 
lubricant is applied to the ulterior walls of the tubular members, 205 and 215. 

In a preferred embodunent^ the first part of the lubricant fonns a first part of a 
10 metallic soap. In an preferred embodiment, the first part of the lubricant coating includes 
zinc phosphate. 

In a preferred embodiment* in step 420, a second part of the lubricant is circulated 
within a fluidic canrier into contact with the coating of the first part of the lubricant applied 
to the interior walls of the tabular members* 205 and 215. hi a prefefred embodiment, the 

15 first and second parts react to form a lubricBting layer between the interior walls of the 
tubular members, 205 and 215, and the exterior surface of the expansion cone. In this 
manner, a lubricating layer is provided m exact concentration, ex&cUy when and where it is 
needed. Furthermore^ because the second part of the lubricant is circulated in a cairicr 
fiuid, the dynamic interface between the interior surfaces of the tubular members, 205 and 

20 215, and the exterior surface of the expansion cone 510 is also preferably provided with 
hydrodynamic lubrication. In a preferred embodiment, the first and second parts of the 
lubricant react to foim a metallic soap. In a preferred embodiment, the second part of the 
lubricant is sodium, calciimi and/or zinc stearate. 

In several experimental exemplary embodiments of the methods 100 and 400, the 

25. following observations were made reg^ding lubricant coatings for expandable tubular 
members: 

(1) boundary lubrication with a lubricant coatmg having high adhesion (high 
film/shear strength) to the expandable tubular is the single most important 
lubricantAubiication process in the radial expansion process; 
30 (2) hydrodynamic lubrication plays a secondary role in the lubrication process; 

(3) expandable tubular lubricant coating offers the more reliable and more 
effective form of boundary lubrication; 

-6- 
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(4) a liquid lubricant viscosity arrf/or film strength that provides effective, 
consistent boundaiy JubricBtion typically limits the effectiveness of 
additives for the mud alone to provide the necessary lubrication while 
maintaining drilling fluid properties (rheology, toxicity); 
5 (5) consistent ledttctions of 20 to 25 percent in propagation force during tiie 

ladial expansion process (eompared to uncoated expandable tubular control 
results) were obtained with the following dry fibn coatings: (1) 
polytetrafluoroethylene (PTFE). (2) molybdenum disulfide, and (3) roetallic 
soap (stcaratcs), these results are for laboratory tests on one inch diy pipe. 
10 in the absence of any drilling fluid; 

(6) a 20 to 25 percent reduction in propagation force during the radial 
expansion process was observed; 

(7) synthetic oil muds do not typically provide su£Gcienl» reliable lubrication 
for uncoated pipe; 

IS (8) the coefficient of Mctton for expandable tubular lubricant coatings remains 

essentially constant across a wide temperature range; 
(9) the expected application range for expandable tubular casing expansion is 
between 40^ F and 400°F (4 to 204*'C), this range is well within the 
essentially constant range for coeflicient of friction for good coatings; and 

20 (10) good extreme pressure boundary lubricants have a characteristic of 

performing better (lower coefficients of friction) as the load increases^ 
coeificients of fiiction between 0.02 and 0^08 are reported for some 
coetiogs. 

In a preferred embodiment, the optimum lubrication for in-situ expandable tubular 
25 radial expaitsion operations using the methods 100 and/or 400 includes a combination of 
lubrication techniques and lubricants. These can be summarized as follows: (1) extreme 
pressure lubricants/lubrication techniques; and (2) hydrodynamic lubrication from the fluid 
in the pipe during expansion. 

Extreme pressure lubrication is preferably provided by: (t) liquid extreme pressure 
30 lubricants added to the fluid (e,g,, drilling fluid, etc) in contact with the internal surface of 
the expandable tubular during the radial expansion process^ and/or (2) solid lubricants 
added to, or contained within, the fluid in contact with the intcxnal sur^e of the 

-7- 
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expandable tubular member during the redial expansion process, and/or (3) solid lubricants 
applied to the btemal surface of the expandable tubuiar member to be radially expanded, 
and/or (4) combinations of (1), (2) and (3) above. 

Liquid extiema pitssure lubricant addidvcs preferably work by chemically 
5 adhering to or being stiongly attracted to the surface of the expandable tubular to be 
escpanded. These types of liquid extreme pressure lubricant addidvcs preferably form a 
'film* on the sur&ice of the expandable tubular member. The adhesive strength of this film 
is preferably greater than the shearing force along the internal siufaee of die expandable 
tubular member during the radial expansion process* This adhesive force is referred to as 

10 film strength. The film strength can be increased by increasing the viscosity of the fluid. 
Common viscosificrs, such as polymeric additives, arc preferably added to the fluid in 
contact with the internal sur&ce of the expandable tubular member during the radial 
expansion process to increase lubrication. In a preferred embodiment, these liquid extreme 
pressure lubricant additives include one or more of the following: poiyacrylamide 

15 polymers, AMPS-aczylamide copolymers, modified cellulose derivatives such as, for 
example, hydroxyethylcellulose, carboxymethylhydroxyethyl cellulose, polyvinyl alcohol 
polymers, polyvinyl acetate polymers^ polyvinyl alcnholA/inyl acataie copolymers, 
polyvinyl pyrrolidone and copolymers including polyolefins, latexes such as, for exainple> 
styrene butadiene latex, urethane latexes, styrene-maleic anhydride copolymers, viscosity 

20 index improvers for motor oils such as polyacrylate esters, block copolymers including 
styrene^ isoprene butadiene and ethylene^ ethylene acrylic acid copolymers. 

In a preferred embodiment^ extreme pressure lubrication is provided using solid 
lubricants that are applied to the internal sur&ce of the expaiulable tubular member. These 
solid lubricants can be applied using various conventional methods of applying a film to a 

25 surCice. In a preferred embodiment, these solid lubricants arc applied in a manner that 
ensures that the solid lubricants remain on the sur&ce of the expandable tubular member 
during installation and radial expansion of the expandable tubular member. The solid 
lubricants preferably include one or more of the following: gmphite, molybdenum 
disulfide, lead powder, antimony oxide, poly tetrafluoroethylcne (PTFE), or silicone 

30 polymers. Furthermore, blends of these solid lubricants are preferred* 

In a preferred embodiment, the solid lubricants are applied directly to the 
expandable tubulais as coatings* The coating of the solid lubricant preferably includes a 
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binder to help hold or fix the solid lubricant to the expandable tubular. The binders 
preferably include cuxable .resins such as, for example^ cpoxies> acinic, urca- 
fonnaldchyde, melamine formaldehyde, ftiran based resins, acetone fonnaldehyde» 
phenolic, alkyd resins, silicone modified alkyd resins, etc. The binder is preferably selected 
5 to withstand the expected temperature range, pH, salinity and fhiid types during the 
installation and radial expansion operations. Polymeric materials are preferably used to 
bind the solid lubricants to the expandable tubular sudi as» ibr example, '^self-adhesive*' 
polymers such as those copolymers or teipolymeis based upon vinyl acetate, vinyl 
chIoridc» maleic anhydride/malcic acid, and ethyleue-acrylic acid copolymers, ethylene^ 

10 methacrylic acid copolymers and ethylene-vinyl acetate copolymers. In an alternative 
embodiment, the solid lubricants are applied as sus])cnsions of fine particles in a carrier 
solvent without the prcsence/usc of a chemical binder. 

In a preferred embodiment, the solid lubricant coating and the liquid lubricant 
additive (added to the fluid in contact with the internal surface of the expandable tubular 

15 member during the radial expansion process) interact dxiring the radial expansion process 
to improve the overall lubrication. In an exemplary embodiment, for phosphate solid 
lubricant coatings^ manganese phosphate is preferred over ainc or iron phosphate because 
it more effectively attracts and retains liquid lubricant additives such as oils, eaters, 
amides, etc. 

20 In a preferred embodiment, solid lubricant coatings use binders that provide low 

friction that is enhanced under extreme pressure conditions by the presence of the solid 
lubricant. Picfcired solid lubricant coatings includes one or more of the following: 
gmphitc. molybdenum disulfide, silicone polymers and polytetiafluoroetbylcne (PTFE). In 
a preferred embodiment^ blends of diese materials arc used since each material has 

25 lubrication characteristics that optimally work at different stages in the radial cxparuiion 
process. In a preferred embodiment, a solid, dry film lubricant coating for the internal 
sur&ce of the expandable tubular includes: (1) ) to 90 percent solids by volume; (2) more 
preferably, 5 to 70 percent solids by volume; and (3) most preferably, 15 to 50 percent 
solids by volume. In a preferred embodiment, the solid lubricants include: (1) 5 to 50 

30 percent graphite; (2) 5 to 80 percent molybdenum disulfide; Q) 1 to 40 percent PTFE; and 
(4) 1 to 40 percent silicone polymers. 
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In several exemplary embodiment, the liquid lubricant additives include one or 
more of the foIlo>ving: (1) esters including: (a) organic acid esters (preferably fatty acid 
esters) such as, for example, trimclhylol propane, isopropyl, penterithritoU n-butyi, etc.; (b) 
glycerol iri (acetoxy stcaratc) and N, K ethylene bis 12 hydroxystcaratc and octyl 
S hydroxystearale; (c) phosphate and phosphite such as, for example, butylated triphenyl 
phosphate and isodiphenyl phosphate; (2) sulfurized natural and synthetic oils; (3) 
alkanolamidcs such as. for example, coco diethanolamide; (4) amines and amine salts; (5) 
olefins and polyoleiins; (6) C-8 to C-IS linear alcohols and derivatives containing or 
consisting of esters^ amines^ carboxylates, etc.; (7) overbased sulfonates such as. for 
10 example, calcium sulfonate^ sodium sulfonate, magnesium sulfonate; (8) polyethylene 
glycol$; (9) silicones and siloxancs such as, for example, dimethylpolysiloxanes and 
fluorosiHcone derivatives; (10) dinooyl phenols; and (11) ethylene oxide/propylene oxide 
block copolymers. 

Where a liquid lubricant is injected into contact with the expandable tubular 

15 assembly, the liquid lubricant material may be selected from: polyecrylomide polymcrSp 
AMPS-acrylamide copolymers, modified cellulose derivatives, hydroxyctbylccllulosc, 
carboxymethyl bydroxyethyl cellulose, polyvinyl alcohol polymers* polyvinyl acetate 
polymers, polyvinyl alcoholAonyl acetate copolymers, polyvinyl pyrrolidone, copolymers 
including polyoJefins, latexes, styxenc butadiene latex, urethane latexes^ styrene-maleic 

20 anhydride copolymers, viscosity index improvers for motor oils, polyacrylate esters, block 
copolymers including styrcne> Isoprcnc butadiene and ethylene^ ethylene acrylic acid 
copolymers, esters, organic acid esters, trimcthylol propane, isopropyl, pcnterithritol, 
n-butyl, glycerol triacetoxy stcaratc, N,N* ethylene bis 12 hydroxy steaiate, octyl 
hydroxystearate, phosphate, phosphite, butylated triphenyl phosphate, isodiphcnyl 

25 phosphate, sulfurized natural oils, synthetic oils, alkanolamidcs, coco diethanolamtde, 
amines, amine salt9» olefins, polyolefins, C-8 to C-18 linear alcohols and derivatives 
including esters, amines, carboxylates, overbased sulfonates, calcium sulfonate, sodium 
sulfonate, magnesium sulfonate, polyethylene glycols, silicones, siloxanes, 
dimethylpolysiloxaaes, fluorosilicone derivatives, dinonyl phenols, and ethylene 

30 oxidc/propylene oxide block copolymers. In a preferred embodiment, the injected 
lubricant material includes a solid lubricant material. In a prefeiTcd embodiment^ the solid 
lubricant material is selected from the group consisting of: graphite, molybdenum 
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disulfide^ lead powder^ antimony oxide, poly tetiailuoroethy1ene» and silicone polymers. 
Id a prcfemd embodiment, the method further includes: coating the interior surfeces of the 
tubuJar members with a liibricant prior to positioning the tubular members within the 
piccxisting structure* In a preferred embodiment, the lubricant coating includes a first part 

5 of a ItdiricatiDg substance; and the ii^ected htbricating material includes a second part of 
the lubricating substance. 

A method of coupling an expandabk tubular assembly including one or mora 
tabular members to a preexisting stiueture has been described that includes: coattn|E the 
Interior surfaces of the tubular members with a first part of a lubricant, positioning the 

10 tubular members within a preexisting structure, circulating a fluidic material including a 
second part of the lubricant into contact with the coating of the first part of the lubricant^ 
and radially expanding the tubular members into contact with the preexisting stTucturc. In 
a prcfisrred embodiment, the lubricant includes a metallic soap. In a preferred 
embodiinent, the lubricant is selected from the group consisting of sodium^ calcium, and/or 

15 zii^c stcaiatcSt zinc phosphates, manganese phosphate, C-Lube-10, and C- 

PHOS-58-IL In a prefmed embodiment, the lubricant provides a sliding firiction 
coefiBciem of less than abotit 0.20. In a preferred embodiment, the first part of the 
lubricant is chemically bonded to the interior surfaces of the tubular members. In a 
preferred embodiment, the first part of the lubricant is mechanically bonded to the interior 

20 surlaces of the mbular members. In a preferred embodiment, the first part of the lubricant 
is adhesively bonded to the interior $uifiu:e of the tubular members. In a preferred 
embodiment^ the method further includes: combining the first and second parts of the 
lubricant to generate the lubricant. 

Apparatus has been described that includes a preexisting structure and one or more 

25 tubular members coupled to the preexisting structure. The tubular members are coupled to 
the preexisting structure by the process of: coating the interior surfaces of the tubular 
members with a first part of a lubricant, positioning the tubular members within a 
preexisting structui^, circulating a flxiidic materiab having a second part of the lubricant 
Into contact \^tb the coating of the first part of the lubricant, and radially expanding the 

30 tubular members into contact with the preexisting structure. In a preferred embodiment* 
the lubricant includes a metallic soap. In a preferred embodiment* the lubricant is selected 
fipm the group consisting of sodium, calcium, and/or zinc stearates, zinc phosphates, 

• 11- 



COM3 ID No: SBMi^1365400 Reocrved by IP Airttrafia: Time <H:m) 17:34 Oets (Y-M-d) 20O5-0y-2O 



20-07-' 05 17:13 FROM- 



T-316 P0Z0/081 F-142 



ft 



manganese phosphate, C-Lubc-lO, C-PHOS-58-M, and C-PHOS»58-R. In a preferred 
embodiment, the lubricant provides a sliding friction coefficient of less than about 0.20, In 
a preferred embodiment, Ihe first part of the lubricant is chemically bonded to the interior 
surfkcea of the tabular members. Id a preferred embodiment, the first part of the lubricant 
5 is mechanicail)r bonded to the interior surfaces of the tubular members. In a preferred 
embodiment, the firal part of the lubricant is adhesively bonded to the inteiior surface of 
the tubular members. In a preferred embodiment, the apparatus further includes combining 
the first and second parts of the lubricant to genemte the lubricant 

Although this detailed description has shown and described illusmtive 

10 embodiments of the invention, this description contemplates a wide range of modifications, 
changes^ and substitutions. In some instances, one may employ some features of the 
present invention widiout a corresponding use of the other features. Accordingly, it is 
appropriate that readers should construe the appended claims broadly, and in a manner 
consistent v/lth the scope of the invention. 

15 The xcference to any prior art in this apecifkcation is not, and should not be taken 

as, an acknowledgment or any form of suggestion that that prior art forms part of the 
common general knowledge in Australia. 

Throughout this specification and Ihe claims which follow, unless the context 
requires othefwise» the word "comprise", and variations such as "comprises" and 

20 "comprising", will be imdcrstood to imply the inclusion of a stated integer or step or group 
of integers or steps but not the exclusion of any other integer or step or group of integers or 
steps. 
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THE CLAIMS DEFINING TOE INVENTION ARE AS POLiOWS: 

1. A mclhod of coupling an expandable tubular assembly including at least one 
mbular member to a preexisting structure, comprising: 
5 coating the mterior surfiice of the at least one tubular member with a hibricant; 

positioning the coated at least one tubular member within a preexisting soucture; 
and 

radially expanding the coated at least one tubular member into contact with the 
preexisting stnicture using an expansion cone that engages the coating. 

10 2. A method of coupling an expandable tubular assembly including at least one 
tubular member to a preexisting structure, comprising: 

coating the interior surface of the at least one tubular member with a first part of a . 
lubricant; 

positioning the coated at least one tubular member within a preexisting structure; 
15 circulating a fluidic material including a second part of the lubricant into contact 

with the coating of the first part of the lubricant; and 

radially expanding the coated at least one tubular member into contact with the 
preexisting stnictuie using an expansion cone that engages the coating. 

3. The method of claim 1 or 2, wherein the at least one tubular member comprises a 
20 wellbore casing. 

4. The method of claim I or 2, wherein the at least one tubular member comprises an 
underground pipe. 

5. The method of cl^m I or 2^ wherein the at least one tubular member comprises a 
structural support 

25 6. The method of claim 1, wherein the coating of lubricant is chemically bonded to 
the interior surface of the at least one tubular member. 

7. The method of claim 1 , wherein the coating of lubricant is mechanically bonded to 
the interior surface of the at least one tubular member. 
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8. Th^ method of claim I , wherein the coating of lubricant is adhesively bonded to the 
interior surface of the at least one tubular member. 

9. The method of claim 1 , wherein the coating of lubricant includes: 

a primer coating coupled to the mterior surface of the at least one tubular member; 
S and 

a coating of an antifriction paste coupled to the primer. 

10. The method of claim 1. wherein the coating of lubricant includes, in parts by 
weight: 

40<-80 epoxy resin, 15-30 molybdenum disulfide, 10-15 graphite, 5-10 
to aluminum, 5-10 copper* 8-15 alumisilicate, and 5-10 

polyethylenapolyamine. 

1 1 . The method of claim 1 or 2, wherein the lubricant comprises a metallic soap* 

12. The method of claim 1 or 2, wherein the lubricant comprises zinc phosphate. 

13. The method of clEum 1 or 2» wherein the lubricant provides a coefiicieat of 
1 5 dynamic friction of between about 0.08 to 0. 1 . 

1 4. The method of claim 1 or 2. wherein the iDbricant comprises one or more of: 
sodium steaiates, calcium 5tearates» zmc stearates, zinc phosphate, manganese 
phosphate, C-Lube-10, C-Phos-58-M, C-Phos-58-R, polytetrafluoroethylene» 
molybdenum disulfide, and metallic soaps. 

20 1 S. The method of claim 1 or 2, wherein the lubricant provides a sliding coefficient of 
friction less dian about 0.20. 

1 6. The method of claim 1 or 2, wherein the lubricant comprises one or more of: 

polyacryiamide polymers, AMPS-acrylamide copolymers, modified cellulose 
derivatives, hydroxyethylcellulose, carboxymethyl hydroxycthyl cellulose, 
25 polyvinyl alcohol polymers, polyvinyl acetate polymers, polyvinyl alcohol acetate 

copolymers, polyvinyl vinyl acetate copolymers, polyvinyl pynolidone and 
copolymers including polyoleflns, latexes, atyrenc butadiene latex, uicthane 
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latexes, styrene-maloic annhydride copolymers^ viscosity iadex improvers for 
motor oils, poiyoerylatc esters, block copolymers including styrene, l^ock 
copolymers IncIudiDg isoprene butadiene, block copolymers including ethylene* 
and ethylene a^iyhc acid copolymers. 

5 1 7. The method of claim 1 or 2, wherein the lubricant comprises one or more of: 

graphite, molybdenum disulilde, lead powder, antimony oxide, poly 
tetrafluoroethytenc, and silicone polymers. 

18. Hie method of claim 1 ^ wherein the coating of lubricant comprises: 
a solid hibricant; and 

10 a binder. 

19. The method of claim 18» wherein the binder is selected from: 

epoxy, acrylic, urea-formaldehyde, melamine formaldehyde, furan based resin, 
acetano fbnnaldchyde, phenolic, alkyd tesina» and silicone modified alkyd resin, 

20. The method of claim 1 8, wherein the binder Is selected from; 

15 vinyl acetate, vinyl chloride, maleic annhydride, maleic acid, etbylene-acrylic acid 

copolymers, ethylene-methacryiic acid copolymers, and clhylcne-vinyl acetate 
copolymers. 

21. The method of claim ] or 2» wherein the lubricant comprises a suspension of 
particles in a carrier solvent, 

20 22, The method of claim 1 or 2, wherein the lubricant comprises one or more of; 
manganese phosphate^ zinc phosphate, and iron phosphate, 

23. The method of claim 1 or 2, wherein the lubricant comprisea: 
about 1 to 90 percent solids by volume. 

24. The method of claim 23, wherein the lubricant comprises: 
2S about 5 to 70 percent solids by volume. 

25. The method of claim 24, wherein the lubricant comprises: 
about 15 to 50 percent solids by volume. 

-15. 
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26. The method of claim 1 or 2, wherein the lubricant comprises: 
about 5 to 80 percent graphite; 

about 5 to 80 percent molybdenum disulfide; 
nbout 1 to 40 percent PTFE; and 
S about 1 to 40 percent silicone polymers. 

27. The method of claim 1 or 2, wherein the lubricant comprises one or more of: 
ester; 

sulfltf ized oil; 
alkanolamides; 
10 amine; 

amine salt; 

olefin; 

polyolelins; 

C-8 to C- 1 8 lineal alcc^l; 
1 5 derivative of C-8 to C- 1 8 linear alcohol iru^iuding ester; 

derivative of C-6 to C-18 linear alcohol including amine; 
derivative of C-8 to C-18 linear alcohol including carboxylatc; 
sulfonate; 

polyethylene glycol; 
20 silicone; 

silOKane; 
dinonyl phenol; 

ethylene oxide block copolymer; and 
propylene oxide block copolymer. 

25 28. Apparatus, comprising: 

a preexisting structure; and 

at least one mbular member coupled to the preexisting structure by che process of: 
coating the interior surface of the at. least one tubular member with a lubricant; 
positioning the coated at least one tubular member within a preexisting structure; 
30 and 

radially expanding the coated at least one tubular member into contact with the 
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preexisting stiucture using an expansion cone that engages the coating. 

29. Apparatus, comprising: 

a preexisting structure; and 

at least one tubular member coupled to the preexisting structure by the process of: 
S coating the interior surface of the at least one tubular member with a first part of a 

lubricant; 

positioning the at least one tubuiar member within a preexisting structure; 
circuJating a fiuidic material having a second part of the lubricant into contact with 
the coating of the first part of the lubricant; and 
10 radially expanding the coated at least one tubular member into contact with the 

preexisting structure usii^ an expansion cone that engages the coating. 

30. The apparatus of claim 28 or 29» wherein the at least one tubular member 
comprises a welibore casing. 

31. The apparatus of claim 28 or 29, wherein the at least one tubular member 
1 5 comprises an tinderground pipe. 

32. The apparatus of claim 28 or 29, wherein the at least one tubular member 
comprises a structural suppoit 

33. The apparatus of claim 28, wherein the coating of lubricant is chemically bonded to 
the interior surface of the at least one tubular member. 

20 34. . The apparatus of claim 28, wherein the coating of lubricant is mechanically bonded 
to the interior surftce of the at least one tubular member. 

35 . The apparatus of claim 28, wherein the coatiiig of lubricant is adhesively bonded to 
the interior surface of the at least one tubular member 

36. The apparatus of claim 28» wherein the coating of lubricant includes: 

25 a primer coating coupled to the interior sivface of the at least one tubular member; 

and 

a coating of ao antifiiction paste coupled to the primer. 
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37. The apparatus of claiin 28, wheiein the coating of lubricant includes, in parts by 
weight: 

40-80 epoxy resin, 15-30 molybdenum disulfide* 10>i5 graphite^ 5-10 aluminum, 
5-10 copper, 8-13 alumisilicatc, and 5-10 polyethylenepolyamine. 

S 38. The apparatus of claim 28 or 29, wherein the lubricant comprises a metallic soap. 

39. The apparatus of claim 28 or 29, v^rein the lubricant comprises zinc phosphate. 

40. The apparatus of claim 28 or 19, v4ieretn the lubricant provides a coefficient of 
dynamic friction of between about 0.08 to 0.1. 

41 . The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of: 
10 sodium stearates^ calcium stearates, zmc stearates, zinc phosphate, manganese 

phosphate, C-Lvbe-lO, C-Pho$-58-M, C-Phos-58-R, polytctrafluoroethylene» 
molybdenum disulfide, and metallic soaps. 

42. The apparatus of claim 28 or 29, wherein the lubricant provides a sliding 
coefficient of friction less than about 0.20. 

15 43. The appaiatus of elaim 28 or 29, wherein the lubricant comprises one or more of: 

polyacrylamtde polymers, AM!PS»acrylamide copolymers, modified cellulose 
derivatives, hydroxyethyloellulose, carboxymethyl hydroxyethyl cellulose, 
polyvinyl alcohol polymera, polyvinyl acetate polymers, polyvinyl alcohol acetate 
copolymers, polyvinyl vinyl acetate copolymers, polyvinyl pyrrolidone and 

20 copolymers including polyolefins, latexes, styrene butadiene latex, urethane 

latexes, styrene-maleic annhydride copolymers, viscosity index improvers for 
motor oils, polyacrylate esters, block copolymers including styrene, block 
copolymers including isoprene butadiene, block copolymers including ethylene, 
and ethylene acrylie acid copolymers. 

25 44. The q)paratus of claim 28 or 29, wherein the lubricant comprises one or more of: 

graphite, molybdenum disulfide, lead powder, antimony oxide, poly 
tctrafluoroethylene, and silicone polymers. 



- 18. 



COMS ID No: SBMI^ISSSATO Recciwetl by IP AuslraSa: Time (Hrw) 1 7:34 Date (Y-M^) 2005^7-20 



20-B7-'05 17:25 FROM- 



45. The apparatus of claim 2B» wherein the coating of lubricant comprises: 
a solid hibricant; and 

a binder* 

46. Tbo apparatus of claim 45, wherein the binder is selected from: 

S epDxy, acrylic^ urea-fonna]dehydc» melamine formaldehyde, t\uan based resin, 

acetone fonnaldehyde, phenolic, alkyd re$ins» and silicone modified alkyd resin. 

47. The ai^aiatus of claim 45, Miieiein the binder is selected from: 

vinyl acetate, vinyl chloride, maleic annhydride^ maleic acid» ethylene-acrylic acid 
copolymers, ethylene-methacrylic acid copolymers^ and ethylene-vlnyl acetate 
to copolymefs. 

48. The apparatus of claim 28 or 29, wherein the hibricant comprises a au^ension of 
particles in a carrier solvent 

49. The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of: 
manganese phosphate, zinc phosphate, and iron phosphate. 

1 S SO. The apparatus of claim 28 or 29, wherein the lubricant comprises: 
about 1 to 90 pemnt solids by volume. 

5 1 . The apparatus of claim SO, wherein the lubricant comprises: 
about 5 to 70 percent solids by volume. 

52. The apparatus of claim Si, wherein the lubricant comprises: 
20 about IS to SO percent solids by volume. 

53. The apparatus of claim 28 or 29, wherein the lubricant comprises: 
about S to 80 percent graphite; 

about S to 80 percent molybdenum disulfide; 
about 1 to 40 percent PTFE; and 
25 about 1 to 40 percent silicone polymers. 

54. The apparatus of claim 28 or 29« wherein the lubricant comprises one or more of 
the following: 
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esler; 

BuliUrized oil; 
alkanoUunidcs; 
amine; 
S amine salt; 

olefin; 
polyolefins; 

C*8 to C-1 8 linear aloohol; 

derivative of C-8 to C-18 linear alcohol inoluding ester; 
10 derivative of C-8 to C-18 linear alcohol including amine; 

derivative of 08 (o C-18 linear alcohol including carboxylate; 
sulfon&tc; 

polyethylene glycol; 
silicone; 
IS siloxane; 

dinonyl phenol; 

elhylene oxide block copolymer; and « 
propylene oxide block copolymer, 

20 55. A method of coupling an expandable tubular assembly including at lea$t one 
tubular member to a preexisting sinicture, the method being according to claim 1 or 
2, substantially as hereinbefore described with reference lo the accompanying 
drawings. 

56. Apparatus according to claim 28 or 29, substantially as hereinbefore described with 
25 reference to the accompanying drawings. 

DATED this 20**^ day of July, 2005 
Shell Internatioaale Research Maatschappij B.V* 
By DAVIES COLLISON CA VB 
30 Patent Attorneys for the Applicant 
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